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Geographical distribution of some species of fleas originally 
described as being from North Korea. Trudy Nauch.-issl. pro- 
tivochum. inst. Kav. i Zakav. no.5:176-183 '61. 
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from the Democratic Republic of Vietnam. Ent. oboz. 42 no.3:69l- 
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TITLE; Mutual adaptation of causative agents and vectors 
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GRODZOVSKIY, G. L, 


nl 


usSR/Physice - Turbulence Jul/Aug 50 
. Ballistics 


"Solving the Axisymmetrical Problems of the Free 
Turbulence in the Theory of Turbulent Diffusion,” | 
G. L. Grodzovskly, Moscow i 


“priklad Matemat i Mekh” Vol XIV, No hy 
pp 437-440 


Solves problems on (a) propagation of an axi- 
symmetrical turbulent jet of an incompreseible 
gas in & submerged space, and (bv) turbulent 
trace behind a body of rotation according to 
theory of turbulent diffusion. Submitted 


18 Jan 50. 
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/, 798, Crodrovskit, G. bs, ond Kuznetsov, Yu, E., Gos-flow ees 
AV vortax-cooling-chomber theory (in Ruagian), lee Akad Nauk SX9R sae 
— Otd. tekh, Nauk no. 10, 112-218, Ger. sf, 
Ideally analytical study of solid body motions of a compressible ( 

gas in so-called "vortex cooling tube.”’ Preasurz, deas:ty, and } 

temperature distribution as a function of the radial distance are 

calculated for the adiabatic case. Difference of the viscous 
: ayers in'the neighborhvod of the cylindrical walls is found to be 
_ elgnificnnt bue is not accounted for in the calculations. Method 
"of improving efficienctes of the vortex tube is discussed. 
V. Korolenko, USA © 
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USSR /Engineering - auoauhaakee. optical method FD-3233 
Card 1/1 Pub. 41-14/22 
Author : Grodzovskiy, G. L., Moscow 


Title : Characteristics of Unilateral optical Devices for the Investigation 
of Gas Flow and Deformations of Plane Surfaces 

Periodical : Izv. AN SSSR, Otd. Tekh. Nauk 7, 119-121, Jul 55 

Abstract : Describes, for use in photographing a gas flow, an improved and 


simplified Foucault-Toepler optical device in which a beam of 
light, twice intercepted by a knife edge, simulates an optical 
slit. Explains an optical arrangement for studying gas flow and 
surface deformations thru color photography, including a grating 
system for quantitative measurements. Three diagrams; nine 
photographs. Eight references, four USSR. 


Institution : 


Submitted : 1h April 1955 
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USSR/Physics - Hydrodynanics FD-1439 


7 «Card 1/1 : Pub. 85 - 8/15 


Author + Grodzovskiy, G. L. (Zhukovskiy) 
Ee Os eB Se AK so, ‘shy 


Flow of a viscous gas between two moving parallel flat walls and between 
two rotating cylinders 


Title 


ae 


Periodical 


on 


Prikl. mat. 1 mekh. 19, No 1, 99-102, Jan-Feb 1955 


Abstract : The author generalizes the problem of the flow of a viscous incompress- 
ible fluid between two moving flat walls and between two rotating cylin- 
ders (N. Ye. Kochin, I. A. Kibel’, N. V. Roze, Teoreticheskaya gidromekhan- 
ika, part II, 1948; S. M. Targ, Osnovnyye zadachi teorii laminarnykh techeniy 


{Principal problems of the theory of laminar currents], 1951) to the case 
of a compressible viscous gas. . 


Institution ; 


Submitted September 27, 1954 
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SUBJECT USSR / PHYSICS CARD 1 / 2 PA - 1858 
AUTHOR GRODZOVSKIJ,G.L. 
TITLE The Automodellike Motion of a Gas on the occasion of a Vehement 


Peripheral Explosion. 
PERIODICAL Dokl. Akad.Nauk,111, fasc.5, 969-971 (1956) 
Issued: 1 / 1957 


Like the explosion in the symmetry center of a gas at rest, which was investi- 
gated by L.I.SEDOV (Prikl.maten.i mech.,10, fasc.2 (1946)), also the auto- 
modellike motion on the occasion of a vehement peripheral explosion oan be in- 
vestigated. Such a peripheral explosion causes a strong shock wave to move 
towards the symmetry center of the resting gas (density @,)- The pressure p, 
of the resting gas is assumed to be negligibly low compared to the pressure 

Pe behind the shock wave. If E is the characteristic energy of the explosion, 
the 


only dimensionless variable combination of the parameters ig 


= (B/e,)(+2/r?* a Here r denotes the linear coordinate, t - time, and it 


holds that ¥ «= 1,2 and 3 for a plane, cylindrical and spherical flow respeo- 
tively. On this occasion the amount of energy enclosed between the surfaces 
= const is constant. To the position To of the shock wave there corresponds 


+ 
& certain constant value of the parameter: A, = (E/e, )t?/r ee Accordingly, 


the propagation vetootty ¢ of the shook wave is: 
ces aA .0,/8/(2 +V) r)/? = (2/(2 +¥)) r,/t. The motion of the shock wave 
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Rokl. Akad. Nauk, 111, fas0.5,969-971 (1956) CARD 2 / 2 
towards the symmetry center of the resting gas (c > 0 


When approaching the center, the 
velocity of the shock wave increases sharply, and accordin 


Po» the velocity Yoo and the gas temperature T, behind the front of the shock 


wave will grow too: Po=(2/(# +1))9,0%4 Vo" (2/(3€ +1) os Roy (% +1)/( 2-1), dre. 
it 19 true that T, ~ 1/r, vs ~ The flow of the gas behind the shock wave is 
desoribed by the aforementioned solution by L.I.SEDOV. The integral curve in 

he V,z plane is given (v= r¥/t; 9 « @yRs p= z= Xp/R). To the here inveati- 
gated current there corresponds the portion of the integral ourve between 
(¥,425) and ((2/(2+7)),0), The same formulae are used in this case for compu- 
tation as in the case of the aforementioned work by SEDOYV. ~ Three diagrans 
illustrate the Tesults of the computation of the velocity-, density-, pressure-, 
and temperature Profiles for the Plane, cylindrical, and spherical cage at 


= 1,4. The domain of the automodellike motion is betwe 
and an exterior boundary with the radius r_. On the exteri 


PA - 1858 


undary are identical, 
Such a flow ig ¢-€- obtained on the Occasion of the contraction of a hollow 


Piston in the direction towards the center. The here investigated cylindrical 


steady flow round & correspond- 
ingly thin rotational body at high supersonic velocities, 


INSTITUTION: Central Aero-Hydronamic Institute "N.E.ZUKOVSKIJ", 
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AUTHOR: Grodzovskiy, G.L. (Moscow). 


TITLE: Som i t high supersonic 
el pri bol'shikh 
sverkhzvukovykh 


PERIODICAL: "Izvesti a_Akademii Nauk Otdeleniye Tekhnicheskikh Nauk" 
(Bulletin of the Ac.5c., Technical Sciences ection), 
1957, No.6, pp. 86-92 (U.S.S.R. ) 


ABSTRACT: At high supersonic coefficient igs 
entirely determined b the body. 
Reference is made to the levelling 
out of the shock dra upersonic speeds 
was recognised, 


discovered, simple 


with the test 
of revolution. 


first approx- 
e square of the sine of the 
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2h-6..13/24 
Some properties of the flow around bodies at high supersonic 
; speeds. fcont:) 


angle of slope of the profile. 
possible to obtain anal 
dynamic coefficients. Several vari 


in eq.(15). In axially symmetrical 
shape is given by eq-(17). 


0.75 power of the chordal 
coordinate ig examined. Such a body has a shock drag 27% 
lower than the equivalent cone. 


There are 7 Graphs and 15 references, 
SUBMITTED: April 16, 1956. 
AVAILABLE: 
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* AUSHOR: Grodievetiy, GL. (useus) GOT/ 26 = 55-15-24 /7,9 
MTThe: Sono DLaet Solutions for Proble.c of Gus Plow in a Pipe 
Tacin, Account of Friction and Convective Leu S20nLNE 2 
(Nekotoryye tochryye resheniva sadachi o techonii paza 
Vo irib? s ushetouw troniya £ xonvektivno,o teploobaena) 


Pus TQvICAL: Tavestijyu Axadenii leuk SSSR, Otdeleniye fekhnicheskiih 
Nouk, 1958, ur 8, pp 127-129 (USSR) 

ABSTRACT: This pretlea nus been investiated by biillicnskehikov a1) 
Khristianovich (Ref 1), Romanento (Ref 2) and others, 
Mie problea of such « unifors station.1y flow of a viscous 
edn using the xcnown hydrodynaguic theory of heat tranefer 
leads to a differential edaustion for whic’: 2 nuaber of 
hunerice#]l and soaro-iaate enalytical solutions can be 

tuined, One exact Solution in peneral for: of this 
Peobleu is ENOv.N, Aawely, thav piven by Dvornichenko (Ref 5) 
for the case of @ constanc teuperature head, The present 
paner considere a class of exact colutions of this oroble.. 
in the wenerul for. eubracing a wide rence of naraaceters, 
The results can be used, for exaaple, to caleulate the 

Card 1/2 flow of jas in a Pipe tavin, an arbitrary teanareture 

and 1/2 aiutpibution clong its well, ‘his is uchieyee oy dividin, 
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SOV/24-58-38-2/37 

Some baxact Svlutions for Proble«:s of Gas Flo. in a Pipe Taking 
Account of Friction end Convective Heat xchange 

the pipe into sections in each ef which a siven 

teaperature distribution ig replaced by one which igs 

near to one of the exact solutions, 

There are 3 fisures und & references, 3 of which are 

Soviet ond cne Suglish, 


SUBATTTeD: March €, 1958 


1. Gas flow--Mathematical analysis 2. Gas flow--Heat transfer 
3. Gas flow--Friction 4, Pipes--Properties 
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SOV/IT9-59-1-31/36 
AUTHOR: Grodzovskiy, G. L. (Moscow) 


PITLE: EfTiciency Interference of the Wing and Fuselage at Super- 
sonic Speed (Poleznaya interferentsiya kryla i fyuzelyazha 
pri giperzvukovykh skorostyakh) 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye texhnicheskikh 
nauk, Mekhanika i mashinostroyeniye, 1959, Nr 1, pp 170-173 
(USSR) 

ABSTRACT: A non-linear theory of a "wing-body" interference in a 
supersonic flight is described. A conical shape of a fuse- 
lage with a triangular wing (Fig.l, a), a semi-conical fuse- 
lage with a triangular wing (Fig.l, b) and a split-type 
fuselage with a similar wing (Fig.ly) are considered, The 
calculations are based on Refs.1-143 with the following amend- 
ments: the geometric relationship of the conical fuselage 
(angle 2w) is shown in Fig.1,a where: 


n+l nx - 1 
Es 5x w, a2 i oo ‘ 
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Efficiency Interference of the Wing and Fuselage at Supersonic Speed 
The pressure affecting the sides of the fuselage and the 
lower surface of the wing is : 

es py PH 


PTemrp we, 


the pressure on the other surfaces is equal to zero. The 
coefficient of lifting force of the triangular wing (surface 


OAB ) is: 
c. = (x & 1)u* 
x a ee es 
tia : (x +1) (& - 1) 


OO : 
nC, 


x 


In the case of the arrow-shaped wing OACB (Fig.l,a) the 
pressure on the lower surface will be: 


D=G-@+tlo  . 


In the cases shown in Fig.1lbv, the front edge of the wing 
OB - Ro = cx” corresponds to the edge OA - In = Epcx" 7 
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bfficlLeney Interference of the Wing and Fuselage at Supersonic Speed 


The results of calculations are illustrated in Fig.2, where 
the profiles of the relative pressure P5 and density Po 


in the supersonic flow Tf = cx” (x = 1.4) are shown, Fron 
the data in Fig.2a it is possible to determine the distri- 

bution of pressure on the ae surface of the wing, using 

the formula: 


4D eal 
B= ut L 


The table on p 172 shows the values of KVC, and k/L for 


the various values of m (the last column RS given for the 
conical fuselage with a triangular wing). It can be seen 
from the table that there is a much closer connection be- 
tween the conical fuselage and its wings at the supersonic 
speed than was considered for the linear solutions in Refs,2 
to 4. This new deduction is connected with the characteristic 
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Efficiency Interference of the Wing and Fuselage at Supersonic Speed 


distribution of pressure at supersonic speeds as shown in 
Fig.3 (a - conical, b - semicircular fuselage). There are 
5 figures, 1 table andl} references; 6 of the references 
are English, 1 Italian, 1 German and 5 Soviet, 


SUBMITTED: May 28, 1958. 
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GROZDOVSKIY, G.L. (Moskva) 


Useful interference of wings and fuselage at hypersonic speeds. 

Inv.AN SSSR.Otd.tekh.nauk.Mekh. 1 mashinostr. no.2:170-173 

Jue-F '59. (MIRA 12:5) 
(Aerodynamics, Supersonic) 
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GRODZOVSKIY, Gel (Moskva); DYUKALOV, A.N. (Moskva); TOKAREV, V.V. (Moskva); 
TOLSTYKH, AeI. (Moskva) 


Self-simulating gas motions with shock waves propagating with a 

constant speed in a motionless gas. Prikl. mat. { mekh. 23 noel: 

198-200 Ja-F '59, (MIRA 12:2) 
(Aerodynamics, Supersonic) 
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GROADPYSKTY, G. L. (Moscow) 


"Electrical current in an Axisymmetric meridian Flow Fleld of a conducting fluid;* 
"Supersonic Flow with a Subsonic Axial Component Past a Plane Cascade 
and e Perforated Wall." 


report presented at the First All-Union Congress on Theoretical and Applied 
Mechanics, Moscow, 27 Jan - 3 Feb 1960. 


*smoothing of parameters in viscous helical flows." with Dyukalov, A.M., 
Tokarev, V. V., Toletykh, A. I. 
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GROZDOVSKIY, G. &., KRASHENNIKOVA, N. L. = (Moscow) 


"Self-Similar Solutions of a Gas Motion with Shock Waves Propagating 
According to a Power Law in a Gas at Rest." 


report presented at the First All-Union Congress on Theoretical and Applied 
Mechanics, Moscow, 27 Jan - 3 Feb 1960. 
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"The Problem of the Unsteady Motion of the Piston und Possible Applications 
of this Problem to the Hypersonic Flow Past an n-Power Body of Revolution.” 


report to be submitted for the Intl. Council of the Aeronautical Sciences, 
Second International Congress, Zurich, Switzerland, 12-16 Sep 60. 
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GRODZOVSKTY, G. L. and KRASHENINNIKOVA, N. L. - USSR Academy of Sciences, Leningrad 
Road 7. Moscow D-4o-uSSR, 


"The Problem of the Unsteady Motion of the Piston and Possible Applications of 
This Problem to the Hypersonic Flow Past N = Power Body of Revolution." 


report submitted for the 10th Intl. Congress of Applied Mechanics, Stresa, Italy, 
31 Aug-7 Sep 1960. 
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ieee S/179/60/000/01/006/034 
10.6004 £031/E535 
AUTHORS: seqagavenie & oy Oe Dyukalov, A.N., Tokarev, V.V. and 
"Tolstykh, Aci, (Moscow) 
TITLE: The Axisymmetric Meridianal Flow of a Conducting Fluid. 
Equalization of the Parameters of the Rotational Flow 
of a Viscous Fluid \ 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 
nauk, Mekhanika i mashinostroyeniye, 1960, Nr l, 
pp 41-46 (USSR) \ 


ABSTRACT: The electrodynamic equations of magnetohydrodynamics and 
the equation for the current density j are simplified by 
the assumption that the velocity and current density 
components and j, are zero, (a cylindrical 
coordinate ée8sae r,0@, x is used). For meridianal flow 
of an incompressible conducting fluid at constant velocity 
Vo 8 Ves iH. = H., and a further simplification can be made. 


A solution for H, is sought in separable form as X(x)R(r). 
To this solution a linear term in the radius is added to 
satisfy the equations of motion, Boundary conditions are 
derived by assuming that the cylinder which bounds the 
Card 1/3 fluid is non-conducting. Similarly to the known exact 
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S/179/60/000/01/006/034 
E031/E535 
The Axisymmetric Meridianal Flow of a Conducting Fluid. Equalization 
of the Parameters of the Rotational Flow of a Viscous Fluid 


solution of the flow of a viscous incompressible fluid 
it is shown that in the case of the meridianal flow of 
an incompressible conducting fluid the equations of 
magnetohydrodynamics permit of a class of “automodel" 
solutions (dimensional analysis is invoked). The 
velocity and field components and the pressure are 
expressed in terms of the non-dimensional parameter 
G = x/r and the functions of this parameter which occur 
are determined by the solution of four ordinary differen- 
tial equations, These equations are solved by introducing 
a function related to the stream function, The direction 
of the current along rays passing through the origin is a 
characteristic of the flows under discussion. Two 
examples are discussed. One is a conical charge in an 
unbounded medium. The other is a charge in a conical 
channel with non-conducting walls. Finally the similarity 
of the above problem with that of the axisymmetric flow of 
Card 2/3 a viscous fluid moving with constant velocity inside a x 
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The Axisymmetric Meridianal Flow of a Conducting Fluid, Equalization 
of the Parameters of the Rotational Flow of a Viscous Fluid 


cylinder in the absence of friction at the walls is 
discussed, 
There are 3 figures and 6 Soviet references. 


SUBMITTED: April 14, 1959 
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$/024/61/000/004/005/025 
ab ae E£191/E581 


AUTHOR: Grodzovskiy, G.L. (Moscow) 


TITLE: Experimental investigation of the interaction between 
compression shocks and the boundary layer in the range 
of Mach numbers between 1.0 and 1,8 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 
nauk, Energetika i avtomatika, 1961, No.4, pp.20-31+¢ 2 


lates 
TEXT: In many types of supersonic flow, an interaction Between 


compression shocks and the boundary layer takes place. Typical 
cases of flow with and without separation of the boundary layer 
are illustrated in principle including flow past a re-entrant 
angle, the reflection of an oblique shock from a wall, outflow 
from a nozzle or a diffusor and flow past an aerofoil, Separation J 
depends upon the intensity of the compression shock and the 
initial velocity profile in the beundary layer. In the case of a 
turbulent boundary layer over a flat plate. the velocity profile 
is independent of the Reynolds number, at least between 0.78 and 
50.0 millions. Downstream of a compression shock, substantial 
transverse pressure gradients can exist at the outer limit of the 


Card 1/6 


APPROVED FOR RELEASE: Thursday, July 27, 2000 CIA-RDP86-00513R00051701( 


"APPROVED FOR RELEASE: Thursday, July 27, 2000 CIA-RDP86-00513R00051701 


27947 
Experimental investigation of ... S/024/61/000/004/005/025 
E191/F581 


boundary layer. However. very near the wa'l. where the separation 
begins, it is always possible to select a ‘:gion in which the 
transverse pressure gradients are substant lly smaller than the 
longitudinal pressure gradients, The sepa .t:on point is defined 
by a longitudinal pressure gradient obeyin} a relationship which 
contains also the velocity and static pressi-e in the undisturbed 
flow, the thickness of the boundary layer a. the point of separa- 
tion, the ratio of specific heats and an ex- rimental const-<nt, 
Experiments show that in the interaction of ompression shocks and 
the boundary layer, the rise of pressure al.i1¢ the wall proceeds 
over a certain length. It is shown that th ratio of this length 
to the thickness of the boundary layer at t:. point of separation 
can only depend on the shape of the initial ‘+ elocity profile in 
the boundary layer ot the plate and thus is : idependent of the 
Reynolds number. Therefore, the separation ¢£ a turbulent boundary 


layer from a flat plate is mainly dependent «1: the pressure ratio 
across the compression shock, This critica -ressure ratio depends 
mainly on the Mach nuwker of the flow and h- been thoroughly 
examined by previous i-vestigators for the ‘‘ge of Mach numbers 
above 2.0, Extrapolaiion into a range of .: ller Mach numbers 
Card 2/6 
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proved to be in conflict with existing individual measurements. 
The present paper is devoted to an experimental study of the 
critical pressure ratio in the Mach number range between 1.0 and 
1.8 (local value upstream of any compression shock). Experiments 
with a flat plate were carried out in an installation with the 
rectangular working portion of 90 x 120 mm cross-section, in 
which a flat plate of 320 mm length and 90 mm width was set up. 
An additional wedge was placed above the plate to produce a 
system of compression shocks. Adjustment of the setting angle of 
the wedge controlled the intensity of the system of oblique 
shocks, The static pressure distribution was measured at the 
plate surface by a series of holes. The two side walls of the 
rectangular working section were made of a flat mirror and of 
optical glass, respectively. The optical spectra of the flow 
were photographed and examples are reproduced. To detect the 
boundary layer, a T-shaped microprobe of 0.5 mm diameter and 5 mm 
length was placed on the plate surface. The holes in the probe 
were 0.25 mm above the plate face. The pressure drop measured by 
the probe indicates tha flow direction near the plate. The 
separation point occurs where the pressure drop is zero. The 
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results of the measurements are plotted in the form of the 
critical pressure ratio against the Mach number. Measurements 
were also carried out with axially symmetrical nozzles operating 
at pressure drops different from the design value. A conical 
compression shock forms at the opening of the nozzle. Since the 
pressure gradient near the opening is small, conditions are 
similar to those over a flat plate. When the shock reaches a high 
intensity, a flow separation can take place. A study was made of 
the effect of the Reynolds number by varying the static pressure 
behind the nozzle. The effect was negligible. The existence of a 
turbulent boundary layer was proved by measurement of the 

velocity profile. Throughout most of the examined range cf Mach 
numbers the critical pressure ratio varied between 1.6 and 1.75. 
Below a Mach number cf 1.25 even a straight compression shock has 
a pressure ratic under 1.6 so that the flow always remains without 
separation, These results,obtained for the region of interaction 
between the shock wave and the boundary layer where the pressure 
gradient is zero, can be used in the analysis >f supersonic flows 
with small pressure gradients such as the flow in nozzles, the 
flow past profiles, the flow in an oblique noz..le opening and 
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others, Positive pressure Sradients promote (and negative gradients 
retard) the beginning of separation. In nozzle flow, the results 
obtained in the present paper yield that pressure drop through the 
nozzle beyond which the flow remains without separation, It is 
pointed out that, at a pressure drop below the design value, flow 
separation increases the thrust of a reaction nozzle so that separa- 
tion can become a favourable factor. The conditions of separation 
in flow past an aerofoil section are discussed. The largest 
incidence without separation is reached by a section with a flat 
upper surface. Among the symmetrical profiles which have a lower 
wave drag than non-symmetrical profiles, the rhomboid reaches the 
largest incidences without separation. Segmental profiles of 9% 
thickness have no range of incidences without separation. The flow 
in the oblique cross-section of a cascade of blades (for example, 
the outlet annulus in a turbine stator) is examined. Featuresof the 
blade profiles can be chosen, which ensure flow without separation 
at supersonic outlet velocities. The main parameter is the angle 
between the direction of the outer velocity and the tangent to the 
back of the profile at the outlet cross-section. This angle should 


be as near zero as poss:ble to ensure lack of separation, a narrow 
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wake and therefore low total pressure losses. G. I. Petrov 

V. Ya. Likhushin. L. I. Sorkin and I.P. Nekrasov are mantidned in 
the paper. There are 15 figures and 3 references: 2 Soviet and 
l non-Soviet. 


SUBMITTED: May 10, 196% 
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44900 (1062, /080)/) 
AUTHORS: Grodzovskiy, G. L., Ivanov, fu. N., and Tokarev, 7. Ws 
TITLE: Motion of a body with variable mass and constant power 


consumption in a gravitational field 


PERIODICAL: Doklady Akademii nauk SSSR, v. 137, no. 5, 1961, 1082-1085 


: The present paper gives a study of the general case of the 
imization of the reactive motion of a body with variable mass ina 
rit 


ational field of two centers when the power consuaption is constant. 
civon trajectory, the acceleration is equal to a(t) = -VYdn/adt, where 
Y is the escape velocity. The utilizable reactive power nay be written 


us Mos -dnv?/2at. Thus, a? /2u = ~dn/nedt. This gives by integration the 


fee 


er : ; ; () : 
weight of the body as a function of time: G=G.' 1+. 557 4 dtj. The 
/ 


\ ' 20g 
re) 


specific weight of the power source is defined as: u » G/T and the 
1 
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3/020/61/137/'005/011/026 
Wotion of a body with variable ... 3104/8214 


relative total weight car gee is given by G = (G,, + Gd/ty 


= a |w/¢ a on ne . For a given a(t) the quantity G 
4 


| ae at 


Bie 
, —_— 
has a minimum: Gy. = 216 - fat (G)/6,)oo4 = (at/Co)ong = itn te 
q 
where 9 = = | a‘dt. In the case of a step by step decrease of ower 
r & 4 x 
. 29 . Sots Soe 
related to a decrease in weight, the maxinum relative utilizadle weight 


may be calculatcd from the formula 


ee aye) 1 
Ga. wane = (1 +, 2) ®,) I (i =). (4) (4). 


A yih 
Here, 2%, = 4 is given. The optimum ratio between the Os may te 
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pody with variable ... 
from (4) ny differentiation. 
; functions of &. as is seen 
T 
reauires a minimum of the integral 
re) 
motion in W*STARS apiral ic studied in ; 
Po oe pit 
i : The next topic 
Tie result obtained is: r/f,, 2 if(i-. «( nt 
\ 9 
i 1 i is t variable mass in the 
studied is the optimun displacement of a body of 


_ t 
riat 3 
‘etween two given points, ‘This problem leads to a variation provlen fo 
T 


1 ; 7; 7 ante 
the integral I = \ a’ (t)dt. Here, the plane motion in tne gravitational 
. wo : 


2 : 2 . . 
field of two centers is investigated, one of which 1s at rest and the otner 
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moves with constant angular velocity “ on a circle of radius ro acout 


this center. In order to study the motion of the body in a region in 
which one of the two centers has a dominating effect on the motion of the 
body, it is convenient to place the reference system in this center. 

On these assumptions, the integral of the variation problem introduced 
above yields the integral 


- 
[= N {fr —ri (e+ o)* + ae - m+ este fe 2r1 (He + ©) war} dt. = (9) 
G " ; 


Euler's equations of this variation problem are; 


. 1 a, + a, %, k °u : 
er eee oe ah ’ (10) 
ay, = 7 (4,0, _ 2/,Vy, + Ww) (11) 

Vy = Ay, Vin + ar, Rirprs (12) 


: , a v ) 
A, a oe Ur, (a., Wie, +a, Ter, + *4,, — VW, = —a, N, —_ ah (Vi 2a,, W,); 
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OF Oy = Fe(h +0). (4), 


The problem is simplified and limited to the following variation problen: 
It is desired to find a trajectory which gives a mininun for 

¥2 

\ a*ar/v_. under the additional isoperimetric condition. he time for 
ry ba \ 

the displacement from r, to rp {T = | dr/v,,. and the polar angle of 


} 
x2 \ ry é 


the displacement (Ay = v ,dz/rdr are given. With their help, expressions 


v4 
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can be found for 4, and a which agree with (10) and (11) for *%= 27%, and 
“sy = 2v. It is shown that in the case of the free fall along the optinun 
trajectory the. acceleration varies linearly with tine. Finally, the 
singularities of the system are also studied. There are 2 figures and 

2 references: 1 Soviet-bloc and 1 non-Soviet-bloc. The reference to 


the English-language publication reads as follows: J. H. Irving, E. K. 
Blum, Vistas in Astronautics, 2, Second Annual Astronautics Symposium, 


1959. 


ASSOCTATION: Tsentral'nyy aero-gidrodinamicheskily institut im. N. Ye. 
Zhukovskogo (Central Institute of Aero- and Hydrodynanics 
imeni NW. Ye. Zhukovskiy) : 

PRESENTED: August 1, 1960, by L. I. Sedov, Academician 


SUBMITTED : July 24, 1960 a, 
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AUTHOR 3 Grodzovskiy, G.L._ (Moscow) 


TITLE: On the motion of a body of variable mass with constant 
expenditure of power in a gravitational field, taking 
into account relativistic effects 


PERIODICAL: Akademiya nauk SSSR., Izvestiya. Otdeleniye 
tekhnicheskikh nauk. Mekhanika i mashinostroyeniye, 
NO. Dd» 1962, 184 - 


TEXT: Problems of optimizing the jet-propelled motion of a 

body of variable mass ina gravitational field for constant and 

optimal expenditure of power N within the framework of non- OA 
relativistic mechanics, were studied. As the velocity increases 
the relativistic level is first reached for an exhaust velocity Vj 

the effect of this on the choice of the optimum parameters of ° 

motion for a body of variable mass m for N = const will be 
considered. The equations of motion and energy have the form: 


P= ma(t) = - dn y x (1) 


tN 1 ~ v2/c2 
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1- M1 = v2/c2 


ma (t) V: ~ 
Vv /c* 


(2) 


To illustrate, consider the simplest case of motion at constant ; 
thrust PF for a given time T. In this case the total useful mass ~ 
ejected is 

Tv 

c 

\ dra 

ce) 

10) 


and the weight of the source of power Gy = aN (with given 


specific weight a) is 
y toa Af Vw v2/c2 


v7/c7 
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For given initial weight Gg the maximum useful weight 


G.2G@ - (G,, 4 Gy) 


naturally corresponds to the minimum of (Gay. + Gy) and some 
optimum value of V_ satisfying Eq.(3). Eq.(3) can be written 
approximately as . ; 
2 
fo Oe 
G,, + G, MM: Re 1 


M N = v 


1 
4 


Vv a 
me: 
c2 / 2T 


s 


whence the optimum value or Vis approximately 


2a et. eee 
Vv no i eee SoA ee 
opt “™ ; 4 2 \ 
. a 


a —_ ax 
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E031/E135 
3 2290 
Gy 3 2 
roa = l + eS. (0) 
M 26" me 
Hence relativistic eftects increase the optimum exhaust velocity 
Vand the ratio G\/G,,- Note that for values of T/a of the 
a 


order of 1 year kg/kilowatt, the relativistic correction to unity 
in the aenominator in Eq.(3) is of the order of 1lo7%. 


SUBMITTED: May 25, 1902 


“abstractor's note: Essentially complete translation. | 
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P: Tekhnika Molodezhi, #1, 1963, pp. 2-25 
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AUTHOR: _Grodzovskiy, G. L. (Moscow) 


uuneeneenemapenen neared 
TITLE: Supersonic flow with subsonic axial velocity canponent about a flat 
cascade and a perforated woll : 

SOURCE: AN SSSR. Izv. Otd. tekh. nauk. Mekhanikn 4 mashinostroyeniye, no. 4, 
1963, 115-120 


TOPIC TAGS: cascade, perforated wall, supersonic flov 


ABSTRACT: A supersonic flow about a flat periodic cascade with no separation 
having a subsonic axial canponent of the incident flovy in a direction normal to . 
the cascade-plane is considered. Fig. 1 of the Enclosure shows the typical flow 
configurations for concave and convex wedges. On the basis of the author's non- 
linear theory (Grodzovskty, G. Le Sverkhzvukovoye obtekeniye ploskoy reshetki i 
perforirovaanoy stenkt 5 dozvukovoy osevoy sostevlyayushcheye Vsesoyuzny*y 
c"yezd po tcoreticheskoy 1 prikladnoy mekhanike. M., 27, l—3, II 1960. Anno- 
tatsil dokladov, AN SSSR, 1960), expressions for basic flow parameters are estab- 
lished which take into account the pressure losses. The flow fields both in 
front of the cascade and far upstream (see Fig. 2) are studied. The. relationship 


a 
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ACCESSION NR: AP3004806 . 

é 
between flow parameters in the cascade channel and incident flow is derived. A 
numerical example of flav past the cascade showm in Fig. 1 is given, and the 
results are presented in graphs which indicate the guiding action of the cascade. 
An important specific case is considered: o perforated boundary with transverse 
slots in supersonic flos. The results for this case are presented in grepbs ond 
discussed. Conditions for the full cqualization of a nmuniform two-dimensional 
supersonic flow with P, a ccastant are established. Orig. art. has: 9 figures 
end 20 formulas. 


ASSOCIATION: none 


SUBMITTED: 13Feb62 DATE ACQ: O6Gep63 NCL: OL 


SUB CODE: AI NO REF SOV: OO} : OTHER: 003 
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Kees ow TY AP 3006364 pi Oeo ey O57 008/003/0590/0615 ; 
“A | 
ran eruok G (Moscow); Ivanov, Yu, N. (Moscow); ‘ 
i. Tokarev : ow 


aaa The mechanics of space flight with low thrust. I, 
| ‘source: Inzhenerny*y shurnal, v. 3, no, 3, 1963, 590-615 


a norte TAGS: space flight, solar sail, low thrust, rocket thrust, a 
ciyas space ship, space flight mechanics, low thrust rocket, low thrust i. 
“, cr, vehicle : 

i} i ; 
i rh iapetaacrs This article is the first in a series of review articles 
pee dealing with the mechanics of space flight at low thrust. On the 
| basis of Soviet and non=Soviet sources the article reviews these i 
1! : ‘principal subject areas: 1) the mechanics of space flight with a 
ly . solar~sail space vessel, including fundamental relationships and 
i 
4 
t 
{ 
| 
| 


problems and the flight of such a vessel between planetary orbits 

and its escape from a gravitational fheld; and 2) the mechanics of 

‘space flight with low-thrust engines} including the selection of 
optimum weight ratios for simpler cases of motion and an ideal 
Card 1/2 , 
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i 
lecontrol system with optimum weight and thrust control, The follow- | 
ing recent. works are noted among the 20 Soviet sources reviewed: i 
iV. K, Leayev, "The principle of L. S. Pontryagin's maximum and the =; 
‘optimum programing of rocket thrust,” Avtomatika t telemekhanika, i 
t 


iv. 22, no. 8, 1961, and v. 23, no. 1, 19623 A. N. Zhukov and V. N. 
‘Lebedev, "A variational problem in flight between heliocentric 
‘circular abits by means of a solar sail," Sb. Iskusstvenny*ye sput- | 
‘miki Zemli, 1963, in publication; A, A. Kary*mov, "Determination of fin‘. 
forces and moments of light pressure acting on a body moving tn 
:space," Prikl, matem. i mekhan., v. 26, no. 5, 1962; G. L. Grodzov- 
'skiy, "Optimization of parameters of motion of a body with vari-ble 
:;mass and limited power consumption in the presence of a nonlinear 
idependence between the power source weight and the power output,” i 
Izv. AN SSSR, Otd, tekh, N. 1963, in publication; and Yu. N. Ivanov,| 
‘"The motion of a body with variable mass, limited power output, and . 
;given time of operation,” Prikl. matem, { mekhan., v. 27, no. 5, des oe 
j1963, Orig.-art,. has: 25 figures, and 70 formulas. 
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"Low thrust space flight mechanics. Survey paper." 


report submitted for 15th Intl Astronautical Cong, Warsaw, 7-12 Sep 64. 
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eae) Grodzovskiy, G. L. (Moscow); Ivanov, Yu. Ne (Moscow); Tokarev, Ve Ve i 
(Moscow Re a 


TITLE: Mechanics of low thrust cosmic flights. 3. 
SOURCE: Inahenernyty zhurnal, v. 4, no. 1, 196k, 168-196 


TOPIC TAGS: cosmic flight optimization, power-limited vehicle, exhaust velocity, 
thrust Secs patna payload, flight trajectory 


ABSTRACT: The third and last sories in the analysis of cosmic flight optimization | 

of power-limited vehicles has been presented. Part Ono dealt with the limits of | 
the regulating characteristics of the vehicle system. The attainable variation 
range for flow rate q and exhaust‘velocity V is investigated as a function of os 
maximum jet thrust power Ni, The optimum control of the thrust vector, VandN . 
are discussed under the condi tions 
6 EN (OS Nmar VM) SNe : 

: _ 
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An expression is dorived relating the power source weight Gy to the flight trajec~ 
_ tory characteristics. ' In Part Two the motion of a power-limited vehicle is gat 
| discussed for the case of engine operation time less than the vehicle flight dura- 
:tion. The variational problem is considered undor variable thrust power flow rate i 
j and thrust vector conditions with the optimum combination of power~limited and ex- ; 
j haust velocity-limited engines. It is shown that this combination yields an advan= 
; tage in total payload if each type of engine has the same payload before combina- . 
ition. Part Four deals with reliability in engine performance for missions of long ' 
‘duration. The optimization criterion assumed here is the condition of a minimun | 
: in the sum of average necessary and reserve fuel weights plus the dead weight of ; 
: the engine. An example is given where it is shown that in a round trip mission the. 
; departure leg takes place faster than the return leg of the trip, shifting the 
‘ given engine-time break to the beginning of the trajectory. The optimization 
studies are extended to include weights in addition to the previously considered 
‘weights ‘of working substance, power source, and payload. Winally, mid-course — 
correction possibilities are studied, including corrections in velocity and posie |: 
tion, and a general ‘expression is derived for the optimal correction moment al 
distribution, Origs arte has: 145 equations, 11 figures, and 1 table. is 
; , \ 
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 T 41783-6 pEO«2/suT(a)/PBD/FSS-2/Eu0(1)/EEC(a)/ziP(m)/FS(v)~3/880(3)/ 
SEC (ic) 27 nn0 (r) /EWG(v) /EWA(d)/BEC (c)~2/EED-2/EWA(C) pn-'}/Pont/Pe=5/Pq~4/ 
Pac-'/Pg~4/Pae-2/Ph-4/Pk=4/Pl=4 TUP(c)  aST/Gu/BC 


ACCESSION NRi APLO371216 5/0038/64/o/002/0392/0k23 
AUTHORS: Grodzovakiy, OG. L. (Moscow) 3 Ivanov, Yu. Ne (Moscow); Tokarev, Va Vs 3 . 
(Moscow) 


TITLE: Hechanios of space flight with low thrust. h 


SOURCE: Inzhene nyy* zhurnal, Ve hk, no. 2, 1964, 392-h23 
TOPIC. TAGS: optimum trajectory, optimum control, osculatory systom, ‘space___ 

__manauver, radial acceleration, tangential acceleration, orbital plane, steepest 

descent4mathod, algorithm method, solar sail, Ritz method f 


ABSTRACT: A detailed study has been made of various enalytic solutions of ‘equa- 
tions of dynamics for space flight, both exact and approximato, on small perture 
bation force assumption, Numerical mathods have been described for constructing | 
optinum trajectories and optimun controls, In part one the equation of motion in | -. 
Cartesian snd spherical coordinates is discussed, and an osculatory system of 
variables 18 introduced. Some of these equations in spherical coordinates are 
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_ is dasouaged and Gone solutions of tha above four, sets of equations of 
motion are carried out for elenentary space maneuverse These include: radial 
. 
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- acceleration, ag = 0 in equation (2) above, where for a, ¢0 or 1/8> a,> 0 the } 
motion is finite and for m >r>1 it is infinite; transverse acceleration a, = 0 


4n equation (1); tangential acceleration with Y = 0 in equation (4); normal 
acceleration, XY = 2 in equation (3) above; acceleration perpendicular to the | 
instantaneous orbital plane, and a constant acceleration veczor. A general method 
ig outlined for numerical computations of the above trajectories. The functd onal 
method of steepest descent is discussed, and conditions for trajectory cptimization 


are considered in terms of the extremal of the functional . - 
ae | 
Sz \ @ (2, z, t)dt P } 
sgottes: | 


For control optimization, the gradient mathod is introduced according to the method 
outlined by D. Ye. Okhotsimskiy (K * teorli dvizhoniya raket. PMM, t 10, No. 2, \- 
1946). The mathod is applied to several special cases. These are: the algoritha .— 
mathod for a trajectory with an unspecified terminal point and a single control. 
function; the algorithm method for a trajectory with both initial and terniinal 
points fixed; and the »elgorithm mathod where the terminal point is free and the |- 
termination time T of the motion is unapecified. The method is applied to an 
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Earth-to-Mars trajectory with a solar sail. Finally, several methods are outlined 

for substituting the functional with functions of finite nunber of variables. 

Thaso include minimization of a function with subsidiary conditions, the Rits 

mothod with coefficients determined from the mothod of stoepest descent, and the i + 
_proken path method applied to the Lagrange or Meyer variational problems. Orige 
arte has: Uh equations and 20 figures. 
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(TITLE: Energy storage in power-limited flight optimization problems 
. 

|SOURCE: AN SSSR, Tzvestiya. Mekhanika, no. 3, 1965, 40-%6 : 


"TOPIC TAGS: power limited flight, energy storage, optimal flight, Pontryagin maxi- j 
jmum principle 


| ABSTRACT: This article deals with the variational problem of the maximum payload 
iin flights with power-limited propulsion systems with energy storage. It is 
jassumed that the pulsionsystem consists of a power source N (0 s Ns No), an 
‘energy storage E (0 s E < Eg), and an engine with thrust P (0 s Ps Po), and that 
iweights for these components are, respectively: Gy = aNo9, Gp = BEg and = yPo, 
jwhere a, 8, y are proportionality factors (specific weights). The variational prob- 
jlem is defined as follows: given the total initial weight Gp of the propulsion _ 
System, the factors a, 8, y, the dynamic maneuver with the duration T, it is required ao 
ito find optimal operating conditions for the power source N(t), the energy storage 

iNe(t) (Ne = -E), the thrust force P(t), and the unit vector i(t) of the thrust direc- 

pam sak will ensure the maximum payload G,. A complete system of differential 

Card 1/2 : _ Bats 
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equations, boundary conditions, constraints upon the control functions, and phase 
coordinates is written which describes the defined variational problem in Mayer's 
formulation. The optimal controls i(t), P(t), Ne(t), and N(t) are determined by 
using the maximum principle of Pontryagin. The obtained control functions are 
analyzed for the interior sections of the trajectory and for the boundary sections, | 
|A Propulsion system with energy storage only (without power source) is also investi- 
leated as a particular case of the general problem. The case of the so-called : 
j'tdeal controlled propulsion system," which is characterized by the fact that there 

‘are no limitations upon the upper bound of the thrust force P(P 2 0) and Gy = 0 is 

lanalyzed. As an illustration of the solution of the general problem, two maneuvers | 

lave analyzed ior which the equations of the variational problem can be completely — ‘ 
‘integrated. The case when the thrust force P is constant is also investigated. 


Orig. art. has: 36 formulas. _ [LK] 
[ASSOCIATION none | : | 3 ; 
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B 


TITLE: Fragmentation of a ruptured vessel in a vacuum 
SOURCE: Inzhenernyy zhurnal, v. 5, no. 2, 1965, 352-355 


‘ TOPIC TAGS: fragmentation problem, gas filled vessel, gas escape mechanisn, 
: isothermic process, adiabatic process . : 


two fragments produced by the rupture of a gas-filled vessel in a vacuum, Postu 
i lating several assumptions on the mechanism of gas escape through the rupture | 
; gap, they write expressions describing motion, initial conditions and variable 
gas pressure for both fragments. Specific calculations were performed for 
isothermic and adiabatic. ;rocesses of gas escape, The forssr process was pce I 


to the form Pr he’ ad 


a = 
the latter to pf ame a =0, at initial conditions given by = 


| 
.ABSTRACT; The authors solve problems on the motion (in a non-force field) of | ; ay 
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MeO f= 0, f 0, ff =f, | om { 
Numerical results of digital computer calculations are presented in tabular 
form. Orig. art. has: 1 table and 23 formulas, 
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TITLE: Optimization problems in the mechanics of low-thrust space flight 


! SOURCE: Vsesoyuznyy. s"yezd po teoreticheskoy 1 prikladnoy mekhanike. 2d, Moscow, 1964 
| Analitcheskaya mekhanika. Ustoychivost' dvizheniya. Nebesnaya ballistika (Analytical 
{mechanics. Stability of motion. Celestial ballistics); trudy s"yezda, no. 1, Moscow, 

, Izd-vo Nauka, 1965, 181-197 


| 
7 TAGS: trajectory optimization, space flight, thrust optimization, solar sail 


ABSTRACT: The authors consider the problem of optimization in the mechanics of space 
flight with low thrust. Included in this problem are selection of the optimum ratios 
between the weight components of the spacecraft and optimum control of the thrust 
system as well as determination of the optimum trajectories of the flight in the aggre f 
gate. A relationship is established between the weight characteristics and parameters 

of the engine system and the possibilities for thrust control are discussed. Optimi- | 
zation of flight mechanics is considered in detail for systems using solar sails and 
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power-limited propulsion systems, e. §. electric reaction engines. It is shown that 
the problem of optimization for an ideal system resolves into two independent prob- 
lems: 1. finding the optimum ratio between the weight of the power source and the 
weight of the working material and 2. finding the optimum trajectories and programs 
for the rocket acceleration vector. The literature covering the numerical solution 
of these problems is briefly reviewed. Orig. art. has: 13 figures, 34 formulas. 
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“PITRE: Some variational problems in space flight mechanics 
i SOURCE: inzhenernyy zhurnal. Mekhanika tverdogo tela, no. 5, 1966, 3-12 

' POPIC PAGS: flight mechanics, space flight, spacecraft maneuver, variational problea 


-ABSTLACT: The effect of weight constraints is analyzed on the optimal motion 

_ parameters of a variable mass body ina gravitational field. The power systen under 
‘investigation has the following three constraints: gas effi1ux velocity, storage power 
; level, and thrust. General variational equations are derived for payload weight G,, 

‘between two points in phase space, with an engine that has a given specific weight 7 
| and a limited gas efflux velocity V < Vax" Numerical results are obtained for the 


{relative maximum energy as a function of initial acceleration, for various values of 
iG. and Y. These results are shom graphically. For example, for Y = 0.01--0.02, 


the optimum initial acceleration & varies between 2.5 and 4.0. Next, the fundamental ; 
| 


_pcopesties of on ideally mancuverable space engine are discunsed for a given working 
| medium storage. This process consists of determining the optimum expression of an ‘ 


| 
| cara 1/2 


RPE BLA RTOS MOET SIE MERE RT eT ET Oe Te 


APPROVED FOR RELEASE: Thursday, July 27, 2000 CIA-RDP86-00513R00051701( 


"APPROVED FOR RELEASE: Thursday, July 27, 2000 CIA-RDP86-00513R00051701 


ACC NR: APGO341 39 
{ - 
' engine weight component that will allow ideal mancuvering with a characteristic 

‘| velocity Sv. This is found to be _ 

| Ap ohn 1+ te + hte — TG, 

| iW 1 kt.G, iM 

:wnere T, © AT, T being time and 1/K--storage time of working medium equal to the 
} weight of the energy source. Various graphical plots of the above expression are 
i obtained where Tt, is given as a paraneter. The author expresses his sincere 

| gratitude to V. V. Tokarev for his valuable remarks concerning the above problems. 


i Orig. art. has: 45 equations and 10 figures. 
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“AUTHOR: Grodzovakiy, G. L.; Ivanov, Yu. N.; Tokarev, V. V. 


TITLE: Problems of optimization in the mechanics of cosmic flight with low thrust 


! REF SOURCS: Tr. II Vses. s"yezda po teor. i prikl. mekhan., 1964. Obz. dokl. Vyp. 
ji. M., Nauka, 1965, 181-197 


'POPIC TAGS: mars flight, space flight, trajectory optimization, optimum trajectory, 
‘optimal control, thrust optimization, solar sail, jet engine, thrust to weight ratio, 
thrust vector control : 


i] 
1 
i 
i 


[ABSTRACT: ‘The optimization problem is reviewed as one of selecting the optimum 

| weight characteristics for the vehicle, the optimum engine control, and the optimum 
; trajectory. Considered as engines aro the solar sail and the electrical jet engine 
of limited power. Two optimization problems are suggested for solution with respect 
jto these latter: (1) calculation of optimum relationship of weights of power source ‘| 
land working substance, and (2) calculation of the optimum trajectory and the program |! 
i for controlling the thrust vector. Examples of calculations for an earth-Mars flight | 
‘are cited. Bibliography of 54 titles. V. Ponomarev. (Translation of abstract) 
| 


| 
| 
i s 
, SOURCE: Ref. zh. Issledovaniye kosmicheskogo prostranstva, Abs. 6.62.180 | 
| 
1 
| 
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